Background/Aims: Patients treated with endoscopic submucosal dissection (ESD) for early gastric cancer (EGC) are at risk of developing metachronous gastric cancer (MGC). The aim of this study was to evaluate the clinical outcomes of MGC after ESD for EGC between the re-ESD and surgery groups. Methods: In total, data from 1,510 patients who underwent ESD for EGC from January 2005 to May 2014 were retrospectively reviewed, and data from 112 patients with MGC were analyzed according to the type of treatment, namely, re-ESD and surgery. The clinicopathological factors affecting the subsequent treatment and outcomes of MGC were evaluated. Results: The median duration to the development of MGC was 47 months. In multivariate analysis, lower body mass index (BMI) (p=0.037) and multiplicity (p=0.014) of index cases were significantly associated with subsequent surgery for MGC. In cases of MGC, a diffuse or mixed-type Lauren classification (p=0.009), the depth of tumor mucosal invasion (p=0.001), and an upper stomach location (p=0.049) were associated with surgery. Overall survival was significantly shorter in the surgery group than in the re-ESD group after treatment for MGC (log-rank test, p=0.01). Conclusions: Lower BMI and multiplicity of index cancers were significantly associated with the surgical resection of MGC. Close follow-up is needed to minimize additional treatment for cases at high risk of advanced MGC after ESD for EGC. (Gut Liver 2020;14:190-198) 
INTRODUCTION
Gastric cancer is the fifth most common malignancy and the third leading cause of cancer death in the world. 1 Endoscopic submucosal dissection (ESD) has been widely used for early gastric cancer (EGC) in Korea and Japan since the late 1990s. 2 However, as endoscopic resection spares the gastric mucosa in patients with EGC, it has a potential risk of metachronous gastric cancer (MGC). 3 MGC is usually considered as a developed gastric cancer located distant from the initial EGC after 1 year following index ESD. Previous studies have reported the incidence of MGC following endoscopic resection for EGC ranging from 2.7% to 15.6%. 4 Because the incidence of MGC increases as time passes, continuing surveillance is necessary for the detection of MGC even after curative ESD. 5 Treatment modality for MGC, surgery or re-ESD, is generally determined by the same indications of index EGC. Previous study has reported that 90.3% of patients with MGC received re-ESD and 5.9% received surgery. 5 However, there has been little data of characteristics of index cancer associated with occurrence of MGC in terms of risk of lymph node (LN) metastasis, and clinical outcomes between re-ESD and surgery group for MGC. The aim of this study was to evaluate the risk factors and clinical outcomes of MGC between re-ESD and surgery group. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
MATERIALS AND METHODS

Patients
Patients who had undergone ESD for gastric neoplasms and been diagnosed as EGC in final pathology from January 2005 through May 2014 at Seoul National University Hospital were retrospectively reviewed. Indications for ESD were as follows: biopsy-proven adenoma, and differentiated adenocarcinoma with gross tumor size ≤2 cm and no evidence of submucosal invasion or metastasis to LNs or other distant organ. Curative resection was defined as an en bloc resection with tumornegative margin, without evidence of lympho-vascular invasion, and within the expanded criteria. Expanded criteria were defined as follows: (1) differentiated mucosal cancer without ulcer regardless of size; (2) differentiated mucosal cancer ≤3 cm with ulcer; (3) undifferentiated mucosal cancer ≤2 cm; or (4) differentiated submucosal (SM)1 (tumor invasion <500 μm from the muscularis mucosa) cancer ≤3 cm. 6 In the cases of non-curative resection, additional surgical resection was recommended in principle, which might be waived in exceptional cases with underlying severe co-morbidity, old age (>80 years), or patients' preference. MGC was defined as a newly developed cancer at other site from index cancer in stomach beyond 1 year after index ESD, and included both metachronous EGC and advanced gastric cancer (AGC). ESD indications for MGC were applied of the same method as index EGC. Metachronous EGC with noncurative resection and metachronous AGC was treated by surgery.
Patients were excluded if they had gastrectomy within 12 months after index ESD or follow-up period less than 12 months. The patients with MGC were divided into two groups; re-ESD and surgery group. Demographic data were achieved from medical records, including age, sex, body mass index (BMI), and pathological data of index cancer and MGC; atrophy, intestinal metaplasia, Helicobacter pylori status, tumor findings (gross type, multiplicity, Lauren type, differentiation, depth of invasion, vertical location, size, presence of ulcer, lympho-vascular invasion, and resection margin). The Institutional Review Board of the Seoul National University Hospital approved this study (IRB number: H1612-103-815). Patient consent was waived, given the retrospective nature of this study.
Methods of ESD, pathologic evaluation and endoscopic follow-up
All ESD procedures were performed using a standard singlechannel endoscope (Olympus H260; Olympus Optical, Tokyo, Japan), as previously described. 7 Briefly, after marking at 5-mm outside of the lesion, circumferential incision was done outside the marking and dissection was performed beneath submucosal layer using an insulation-tipped knife (Helmet Snare; Kachu Technology Co., Seoul, South Korea). The specimens were evaluated with sections of 2-and 4-mm thickness after ESD and surgical resection, respectively, stained with hematoxylin and eosin. Histologic evaluation was per- Follow-up endoscopies after ESD were scheduled at 3, 6, 12 months, and annually thereafter. On the other hand, follow-up endoscopies after surgery were conducted annually. The followup period was calculated as the interval between index ESD/ treatment for MGC and the last endoscopic follow-up.
Overall survival (OS) was defined as the period from the date of ESD/surgery for MGC until all death.
Statistical analysis
Re-ESD and surgery group were compared for demographic and clinicopathological data using the Pearson chi-square test, Fisher exact test, Mann-Whitney U test, Student t-test, and logistic regression model. Multivariate analysis included statistically significant (p<0.05) and clinically important covariates in the univariate analysis using the logistic regression model. The cumulative incidences of metachronous carcinoma were calculated using the Kaplan-Meier method with a log-rank test. All statistics were analyzed using the Statistical Package for the Social Sciences, version 19.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Study population and cumulative incidence of MGC occurrence
A total of 1,510 patients who had undergone ESD for EGC from January 2005 through May 2014 at Seoul National University Hospital were included in this retrospective cohort study, of whom 208 patients were excluded; 98 patients with gastrectomy within 12 months after ESD, and 110 patients lost to follow-up within 12 months after ESD.
In 1,302 eligible patients, curative resection was achieved in 1,147, and non-curative resection in 155. The mean follow-up duration was 66±30 months (range, 12 to 156 months). During follow-up period, MGC had developed in 117 patients (9%), of whom 90 patients underwent re-ESD, 22 surgery, and five lost to further treatment. In the surgery group, three patients had received additional surgical resection after re-ESD by the final result of pathological mapping beyond expanded indication ( Fig.  1 ).
In the Kaplan-Meier analysis, the median duration to MGC development was 47 months (interquartile range, 30 to 67 months), which gradually increased as time passed ( Fig. 2A) . There was no significant difference in the cumulative incidence of MGC between curative resection and non-curative resection group (p=0.221 in log-rank test) ( Fig. 2B) 
Clinicopathological characteristics of index cancer affecting treatment for MGC
Males were predominant in both groups; re-ESD (74/90, 82.2%) and surgery (17/22, 77.3%) ( Table 1) . Patients in re-ESD group had significantly higher BMI (p=0.025) and moderate to severe intestinal metaplasia (p=0.029) than surgery group. However, there were no significant differences in other index clinicopathological characteristics between surgery and re-ESD 
Treatment outcomes and prognosis of MGC between re-ESD versus surgery group
To compare the treatment outcomes of re-ESD with surgery group, we analyzed pathologic features of MGC of both groups. In surgery group, tumors invaded to proper muscle and over in four cases (18.1%). Tumor invasion to lymphatics was found in 13.6% of surgery and 4.4% of re-ESD group. In surgery group, tumors had LN metastasis in 22.7%. In univariate analysis, persistent H. pylori infection, intestinal type, differentiated histology, mucosal cancer, middle or lower location of stomach, and smaller tumor size were more common in re-ESD than surgery group (Table 3) . In multivariate analysis, non-intestinal type, tumor invasion over mucosa, and upper location of stomach were more common in surgery than re-ESD group (Table 4) . Persistent H. pylori infection was not associated with re-ESD or surgery group.
A total of seven patients of 112 patients (6.3%) died during a mean follow-up period of 66±30 months. Mortality rate was higher in surgery (22.7%) than re-ESD group (2.2%), and OS was significantly higher in re-ESD than surgery group (p=0.01, log-rank test) (Fig. 3) .
DISCUSSION
ESD has been regarded as the standard treatment for EGC in proper indication, and has a strong merit in terms of preservation of organ and maintenance of quality of life. Nevertheless, concerns about MGC still remain because the remnant gastric mucosa also has the risk of new tumor development even after endoscopic resection for EGC. 4 The incidence of MGC after endoscopic resection has been reported to be 5.1% to 14%. 8, 9 In this study, MGC occurred in 9% during the median follow up of 66 months, which was similar to previous studies. Cumulative incidence of MGC had increased over time from 9.5% in 5 years to 22.7% in 10 years. 5 The present study showed that the median time interval to MGC was 47 months, and the incidence of MGC had gradually increased up to 10 years, which suggests that endoscopic surveillance may be important for more than 10 years after endoscopic resection of EGC. This retrospective study has strength in that it compared the index characteristics of two groups; re-ESD and surgery groups for MGC. Clinicopathological characteristics of index tumor may influence on the development and treatment strategy of MGC. As the treatment of MGC was decided by the endoscopic and histologic characteristics itself, MGC with high risk of LN metastasis was preferentially allocated into surgery group. Therefore, it is important to identify the factors of index tumor that influenced the characteristics of MGC and the subsequent treatment. In addition, these relevant characteristics of index tumor might reflect the development of MGC in terms of the risk of LN metastasis. Endoscopic resection has been applied to multiple EGCs meeting indications for endoscopic resection. 10 Multiple gastric cancers tend to be more susceptible to the development of MGC than solitary gastric cancers. 5 Previous studies have reported that microsatellite instability was related with tumor multiplicity and might be an indicator for the occurrence of metachronous cancer. 11 However, there has been a debate whether microsatellite instability was associated with tumor aggressiveness and prognosis. 12, 13 In a previous study, multiple EGCs had similar incidence of LN metastasis as solitary cancer. 10 In this study, index multiple cancer was significantly associated with advanced histology of MGC, eventually surgery group (OR, 29.131; 95% CI, 1.982 to 428.465; p=0.014). Meticulous follow-up may be essential to screen MGC in early stage in cases with initial multiple cancer. It has been known that obesity is associated with gastric cancer, especially cardia cancer.
14 However, confounding variables such as H. pylori infection were not corrected in the study. In a recent study, obesity increased the risk of well or moderately differentiated EGC regardless of H. pylori infection. 15 In another study, obesity was significantly associated with the risk of noncardia gastric cancer. 15, 16 In this study, BMI was significantly higher in re-ESD than surgery group (OR, 0.744; 95% CI, 0.563 to 0.983; p=0.037), which showed similar result with previous studies in that higher BMI was significantly associated with less aggressive histology of MGC. H. pylori infection has been known to be a risk factor of MGC development. 17, 18 In multivariate analysis, H. pylori infection, mucosal atrophy, and intestinal metaplasia of index cases were not different between re-ESD and surgery group (Table 2 ). H. pylori infection triggers to precancerous lesions such as atro- be associated with re-ESD group rather than surgery group by slow tumor progression. Multivariate analysis for the treatment outcome of MGC showed that depth of tumor invasion over mucosa, upper location of stomach, diffuse or mixed type were associated with surgery group. Diffuse or mixed type has been known to have aggressive characteristics such as LN spread. In a previous study, epithelial-to-mesenchymal transition-related tumors were generally diffuse type, which were usually diagnosed at advanced stage and had the worst prognosis. 28 On the other hand, undifferentiated histology was not related to MGC with high risk of LN metastasis. In a recent study, pure histology of poorly cohesive carcinoma showed higher risk of deeper tumor invasion and lymphovascular/perineural invasion than heterogenic histology. 29 In this study, heterogeneity of undifferentiated histology might not affect the invasiveness and treatment strategy of MGC. MGC was more frequent in the upper third location in surgery than re-ESD group, where the tumor has been reported to be more invasive and have poorer prognosis. 29 Lymphovascular/ perineural invasion was known as the indicators to poor prognosis of gastric cancer. A previous study has reported that gastric cancer with perineural invasion was associated with diffusemixed Lauren type and upper third location, 30 where tumor cells might easily spread out the gap between the large autonomic nerves and tissues. The OS from treatment of MGC was significantly higher in re-ESD than surgery group. Mean follow-up duration of 24.8±19.5 months from the treatment for MGC was too short to compare disease free survival after MGC between the groups. Although we could only confirm OS of the groups, there was a the possibility that the gastric cancer-related death might be higher in the surgery group by significant higher mortality rate. Since curative resection rate of re-ESD did not differ from surgery (p>0.05), the presence of LN metastasis might influence on prognosis of MGC.
This study has several limitations. As a single center retrospective study, there might be selection or information biases. Surgery group might show poor OS because MGC with high risk of LN metastasis was recommended to undergo surgical resection rather than re-ESD. Although exact LN metastasis in re-ESD group could not be evaluated without surgical evaluation including LN dissection, it might be postulated that higher OS was achieved during long-term follow-up without tumor recurrence from LN or distant metastasis in the re-ESD group in spite of similar rate of curative resection in both groups. H. pylori status was also unclear in many patients during follow-up. Although there was sufficient follow-up duration after index EGC, the number of MGC might be too small to evaluate the strong relationship between risk factors and MGC with LN metastasis.
In conclusion, lower BMI and multiplicity of index cancer were significantly related to subsequent MGC with high risk of LN metastasis. Close follow-up is mandatory for the patients with the risks to minimize the additional treatment for MGC after index ESD.
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